Objective To evaluate the evidence for double checking the administration of medicines. Design A systematic search of six electronic databases-Embase, Medline, British Nursing Index and Archive, CINAHL, National electronic library for Medicines (NeLM) and PsycINFO-for all articles describing double checking of medication and dose calculation, for either dispensing or administration in both adults and children up to and including October 2010. Results Sixteen articles met the inclusion criteria. There were only three quantitative studies. Only one of these was a randomised controlled clinical trial in a clinical setting. This study showed a statistically signifi cant reduction in the medication error rate from 2.98 (95% CI 2.45 to 3.51) to 2.12 (95% CI 1
INTRODUCTION
Patient and medication safety is a priority for healthcare providers. 1 Human mistakes are a source of medication errors and can occur in each stage of the medication treatment process; prescribing, dispensing, administration and documentation. 2 Medication errors are a signifi cant problem in children. Over an 8-year period in the UK, there were at least 29 deaths associated with medication errors. 3 The greatest number of medication errors is thought to occur during the process of administration of medicines. 4 Reduction of medication errors leads to an improvement in patient safety. 5 Double checking is one of the strategies that has been used in both medical and non-medical areas. 6 In aviation, double checking or checklists have become a mandatory part of practice, to reduce human error and when introduced, it signifi cantly decreases the risk of errors and improves the outcomes in aviation safety. 6 In healthcare systems, blood transfusion and radiotherapy have already followed and implemented the checklist or double checking concept to improve patient safety. 7 8 Double checking of medications has been recommended as an intervention to reduce medication errors and a
Double checking the administration of medicines: what is the evidence? A systematic review
Zayed Alsulami, Sharon Conroy, Imti Choonara recommended additional step to protect vulnerable patients, such as children. [9] [10] [11] Double checking is now a standard practice in many children's hospitals and paediatric units in the UK.
Double checking is defi ned as a procedure that requires two qualifi ed health professionals, usually nurses, independently checking the medication before administration to the patients. 12 The word 'independent' means a second person follows a series of steps to confi rm that they agree with the fi rst person for example, to arrive at a calculation without prior knowledge of any previous calculation. 12 This approach is thought to reduce the possibility of bias which occurs when the person checking the medication is likely to see what they expect to see even if an error has occurred. This process is also used in many pharmacy departments where the check is often separated in time and space by items for checking being placed in a separate area to where they are dispensed.
This systematic review was performed to determine the existing evidence base on the effectiveness of the double checking process by two health professionals in reducing medication error rates in dose calculation, dispensing and administration.
METHODS
A search for articles, describing double checking during drug dose calculation, dispensing and administration in both children and adults, was conducted in October 2010. Also included were any studies 
What this study adds
There is insuffi cient scientifi c evidence to reporting a double checking process for devices that were used in the patient medication administration process. In this search, six electronic databases were used: EMBASE (1980 In this search, the keyword 'double check' was used in combination with AND of the terms 'drug safety' OR 'nurse' OR 'pharmacist' OR 'pharmacy technician' OR 'drug administration', OR 'medication administration', in order to include all articles that had been published in the databases listed above. The term 'double check' was used as it is the term used by healthcare professionals and in most hospital policies. Duplicates were identifi ed and removed.
All abstracts and/or titles were evaluated and assessed according to the inclusion criteria described below. Inclusion criteria were papers assessing or discussing double checking of medication before drug dose calculation, dispensing or administration in hospitalised patients. We included quantitative and qualitative studies to obtain a full picture of the double checking process in drug administration.
Full articles of the relevant abstracts were retrieved. The reference lists of the retrieved articles were searched manually in order to identify additional appropriate studies. The relevant additional articles that met the inclusion criteria were also obtained. Any studies or articles, that were obviously not related to double checking and also opinion papers, letters, case reports and comments, were excluded.
All identifi ed abstracts were read for their relevance to the inclusion and exclusion criteria. Full articles that were considered relevant were obtained and examined, and the following data was extracted: year of study; study design and sample size; patient population and place of study; effi cacy outcome measures; type of medication in each study; error rate with double checking and without if applicable.
We also searched Pharmline through the NeLM database and no further studies were identifi ed.
RESULTS
The search strategies yielded 752 abstracts from the six databases. There were 289 duplicates. A further 357 articles were excluded because they were unrelated to doublechecking of the medication treatment process (fi gure 1). The full text of the articles that were remaining (106 references) was reviewed, and 92 references were also excluded because they were unrelated to double checking of medications. Two additional studies were added after the references of relevant articles were reviewed manually. In total, 16 studies identifi ed double checking of the medication treatment process and are included in this systematic review. All studies identifi ed were in English. No studies in other languages were identifi ed.
There were three quantitative studies. [13] [14] [15] Two studies used both qualitative and quantitative methods. 16 17 Nine were qualitative studies (questionnaire and interviews). [18] [19] [20] [21] [22] [23] [24] [25] [26] Two studies were systematic reviews that focused on reducing medication errors in older adults 27 and intravenous drug administration in anaesthesia. 28 
Quantitative studies
Three quantitative studies were conducted to assess the effectiveness of double checking processes in reducing medication errors for hospitalised patients (table 1) . The fi rst study was conducted in Australia in 1992. 13 It was a cross over study in three wards in a geriatric hospital (table 1) . A total of 319 medication errors were detected during the 46 week study period. The authors found that the use of two nurses, as opposed to one, in administering medication signifi cantly reduced the medication error rate to 2.12 per 1000 medications administered (95% CI 1.69 to 2.55). The error rate with a single nurse was 2.98 per 1000 medications administered (95% CI 2.45 to 3.51). The clinical advantages were unclear.
The second study was a retrospective review of all medication error reports in a large children's hospital in the UK completed prospectively from April 1994 to August 1999 (65 months) 14 (table 1) . The main fi nding was that 195 medication errors were reported during the study period. One hundred and thirty of these errors occurred despite double checking . There were 58 errors, where it was confi rmed that double checking did not occur, and in seven errors it was uncertain whether double checking was performed or not. In addition, during this study period a new pharmacy policy was introduced, where two people were involved in double checking all drugs before dispensing. This resulted in a reduction in drug dispensing errors. Eighteen dispensing errors were reported in 22 months, that is 9.8 errors per year, before the double checking process was introduced. Following the introduction of double checking, there were only 21 dispensing errors in 43 months, that is six errors per year.
The third study was a simulation study of outpatient chemotherapy administration involving 10 nurses from the unit in a Canadian hospital 15 (table 1) . Two separate checklists for an ambulatory infusion pump were used to determine the effectiveness in detecting medication administration errors during nurses' practice. This study focused specifi cally on the administration of intravenous medicines, whereas the other studies included oral and intravenous medicines. In this study, a total of 130 errors were detected. Overall, the new checklist helped nurses to detect 59% errors compared with 51% errors with the old checklists. There was no signifi cant difference in the detection of pump programming errors between the two checklists. There was a major difference in error detection between the two checklists in relation to patient identifi cation (16/20, 80% vs 3/20, 15%) respectively.
Quantitative and qualitative studies
Two studies included quantitative and qualitative data. The fi rst study monitored medication errors after double checking for 7 months and then monitored medication errors after single checking for a similar period of time in an Australian adult hospital. 16 This was an observational study evaluating the effect of a change in policy that was introduced in the hospital whereby single checking replaced double checking. Unfortunately, the number of medication errors reported in each time period was very small. There were fi ve reports during the period with double checking compared with four reports during the period with single checking. The very small number of reports suggests that not all medication errors were reported and makes statistical comparison impossible. The qualitative part of the study consisted of 129 nurses completing a questionnaire which asked them if they preferred double checking or single checking. The questionnaires revealed that the nurses preferred single checking. The other study involved a review of 52 medication errors that occurred in a general hospital in Hong Kong. 17 However, the review of the medication errors did not contain any information about double checking. The qualitative part of the study involved focus groups and a questionnaire in which 466 out of 748 nurses returned. The nurses felt that double checking was preferable to triple checking. There was strong support for the principles of the fi ve rights for drug administration (right patient, right drug, right dose, right route and right time).
Qualitative studies
There were nine qualitative studies. [18] [19] [20] [21] [22] [23] [24] [25] [26] These studies used interviews, questionnaires or focus groups and consisted of asking the health professionals involved whether they felt double checking was benefi cial or not (table 2). In six of the studies, health professionals preferred double checking as they felt this was more likely to detect drug administration errors. 18-21 25 26 In two of the studies, the majority of the participants felt that single checking was adequate. 22 23 One study identifi ed the double checking process as an intervention with signifi cant potential to reduce medication errors but did not ask the participant to compare single and double checking. 24 
Previous systematic reviews
Two previous systematic reviews were identifi ed in this review. One evaluated interventions in minimising or reducing medication errors in older adults. 27 They identifi ed a total of 20 studies and three systematic reviews, but only two studies evaluated the effectiveness of single checking against double checking. 14 16 The second systematic review identifi ed was conducted to develop evidence based recommendations to minimise errors in intravenous drug administration in anaesthesia. 28 
DISCUSSION
Medication errors are a signifi cant problem. Each year several children will die in the UK as a result of medication errors. 3 A previous study in the UK has suggested almost one in fi ve administrations of medicines may be associated with an error. 4 Medication errors are therefore a major clinical problem and measures to reduce medication errors should be welcomed. Double checking was introduced into nursing practice, as it was assumed that double checking would reduce medication errors. It is now standard nursing policy in many children's hospitals. 29 Double checking the administration of medicines is labour intensive in that it requires two qualifi ed health professionals. This has a signifi cant impact on nursing time and it is therefore surprising that double checking is a widespread process with minimal supportive evidence. It is of concern that there has only been one randomised controlled clinical trial, a study involving adult patients on a geriatric unit in Australia. 13 This clinical trial suggested that double checking may be benefi cial. The retrospective review of medication errors in Glasgow Children's Hospital reported that dispensing errors reduced following the introduction of double checking procedures in the pharmacy department. 14 However, the overall incidence of reported errors in this study was very small and this suggests that a signifi cant number of errors were not reported. This questions the validity of the fi ndings in this paper.
The vast majority of the papers identifi ed in the systematic review consisted of asking health professionals (usually nurses) whether they felt double checking was helpful or not. The majority of the studies confi rmed that the nursing staff felt that double checking, if done properly, would result in fewer medication errors. However, these studies all identifi ed that there were practical problems associated with ensuring the double checking process was performed correctly. These often involved staff shortages or an emergency situation. Three studies suggested that nurses preferred single checking. 16 22 23 Reported disadvantages of double checking were that the process is time consuming, reduces the responsibility and may be associated with deference to authority. 18 It is dependent on the availability of suffi cient nurses. Some nurses raised concerns that the double checking process reduced their responsibility and may actually predispose to medication errors. It was felt by some nurses that double checking should be used only in high risk patients (neonates, infants or with high risk medications such as chemotherapy, opiates and intravenous routes). 25 A number of different interventions have been suggested to reduce errors in calculations of paediatric drug doses such as Centralised Intravenous Additives Services, Computerised Physician Order Entry, Unit Dose Dispensing Systems and Intelligent Infusion pumps. 24 These are likely to contribute to a reduction in other types of paediatric errors though they may also introduce new errors. However, it is beyond the scope of this article to discuss them further.
The time saving from the single checking process was estimated in two studies. 14 16 In the randomised controlled clinical trial, the authors found that one nurse rather than two nurses, administering medications would save 17.1 h of nursing time per 1000 medications administered. 13 In one study following the introduction of single checking, nursing staff felt that approximately 20 min was saved on each medication round. 16 We feel that the process of double checking the administration of medicines should be evaluated scientifi cally. We recognise that there are major practical diffi culties in performing such a clinical trial in children within the UK, as double checking is now accepted as a standard nursing procedure. However, one could perform clinical trials in adult inpatients, where double checking is not routinely used, to establish whether double checking is effective in reducing medication errors. 
